'Correct' and 'error' responses are recorded on the tape cassette, which can be returned to the laboratory for analysis.
Portable devices of this kind are an essential tool in our future attack on the problem of stress in its many forms. Our studies so far have underlined the importance of time in relation to the effects of stress. Both for high arousal stresses like noise and low arousal ones like loss of sleep some time has to be spent at work if significant effects are to appear. Unfortunately the available time scale of the laboratory must be a short one due to the availability of subjects. This, coupled with the difficulty of imposing a genuinely high arousal stress in the laboratory, argues the need to study stress in natural situations of life and work.
Thus portable performance test devices are needed which can be used for brief test runs day in, day out by subjects in their domestic or job environments, where the stresses of every day life and work can have free and natural play. Such devices must be designed both to administer the test and store a permanent record of the results in the absence of the experimenter and with a minimum of preliminary instruction to the subject on how to use it. Similar methods need to be developed for taking portable physiological and biochemical measures in the home or workplace, for correlation with the performance measures.
On the performance side we at Cambridge are developing a range of such portable devices covering a number ofhuman abilities, for example, reaction time, short-term memory, vigilance, tracking, and calculation. On the physiological side similar moves towards portability of measurement have been under way for some time (Cashman & Stott 1974 , Wolff et al. 1967 . We hope that field research using such tools may ultimately enable us to provide more objective methods of contributing to the diagnosis of undue stress in people, thus relieving the general practitioner of the burden of making difficult decisions based on information which is inevitably limited by the time he can devote to each patient. Physiological Basis of Stress It is essential that the cells of an organism are maintained in a relatively constant environment if life is to be sustained. This notion has been admirably expressed by Claude Bernard in his famous aphorism 'la fixite du milieu interieur est la condition de la vie libre'. It follows that mechanisms must exist for the maintenance of this required constancy of the cellular environment. However, when conditions become particularly hostile these mechanisms are likely to fail and death will result unless the organism has available a mechanism of 'last resort' such as movement, migration, encystment or hibernation.
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In the past fifty years or so, largely as a result of the work of Cannon (1929) and Selye (1950) , the physiological responses of the whole animal to hostile environmentsthat is conditions likely to upset or break down cellular homeostasishave been elucidated. It was Cannon who characterized the immediate response, the fight or flight syndrome, while Selye extended our understanding of the phenomenon by showing that if the adverse stimulation persists then further responses can be distinguished. These are firstly directed towards adapting the organism to the new conditionsthe resistance stage ofthe general adaptation syndromebut if this proves impossible then the organism becomes physiologically exhausted and death supervenes. Selye has further shown that, no matter the type of stimulus, the physiological responses of the animal are largely stereotyped. The adverse stimuli are now conveniently termed 'stressors'; it follows that the response of the animal should therefore be termed the 'stress response'.
It is now generally accepted that the adrenal gland plays a key role in regulating the response of an animal to stressors. The adrenal medulla is largely, but not exclusively, concerned with the immediate response while the adrenal cortex is concerned with the longer term. In an abnormal situation, therefore, it is characteristic for the adrenal medulla to release adrenaline or noradrenaline, or both, into the circulation. The responses to these catecholamines include in-creases in heart rate and blood pressure, peripheral vasoconstriction and mobilization of the liver energy store, glycogen. By these measures the animal is rapidly brought into the state necessary for fighting or flight.
This account of the responses to alarm stimuli would, until comparatively recently, have been generally accepted as complete. Work carried out in the last two or three years on mammals and, latterly, on birds now indicates that glucagon may also have an important role in the alarm response.
In the baboon and rhesus monkey (Bloom et al. 1973) and in calves and humans (Bloom 1973) it has been demonstrated that many different stressors stimulate a rapid and virtually immediate rise in the plasma glucagon concentration. Bloom and his colleagues suggest that the glucagon rather than a catecholamine mobilizes the the liver glycogen stores.
The first indication that glucagon might also be concerned in the immediate response of the bird to a stressor came from the finding, in my laboratory, that the concentration of free fatty acids (FFA) in the plasma rises by 50% within 5 minutes of the birds being handled, and remains so elevated for at least 30 minutes. Significantly there was no concurrent change in the plasma glucose concentration, although after 30 minutes the birds were slightly hypoglycemic. At first sight there would appear to be little in common between the mammalian and avian response to a stressor. However, it is known from work both in vivo (Freeman & Manning 1971) and in vitro (Langslow & Hales 1969 ) that avian adipose tissue is not only extremely sensitive to the lipolytic action of glucagon but also has a lower threshold than the glycogenolytic mechanism of the liver (Freeman & Manning 1971). Moreover glucagon is at least 100 times more potent on a molar basis, than noradrenaline or adrenaline in stimulating lipolysis.
It seemed reasonable, therefore, to suspect glucagon as the lipolytic stimulus rather than adrenaline or noradrenaline. This suspicion has now been confirmed directly. Although no significant change in the circulating pancreatic glucagon could be seen during the first 15 minutes of the handling stimulus there is an increase of 39 % after 30 minutes (P<0.05).
While the function of glucagon as a stress hormone in the mammal is, as we have already seen, probably to mobilize glycogen, its function in the avian alarm response is quite different. At present it is uncertain whether the FFA are utilized by the bird in preference to glucose or whether the rise in their concentration is a necessary prerequisite for the functioning of some other mechanism.
If the stressor is minor or short-lived there will be little further physiological response. If it continues, however, or is of sufficient intensity even though it is short-lived, the hypothalamohypophyseo-adrenal axis will be activated. This may be activated by the enhanced concentration of circulating catecholamines but it does not appear necessary in every case. Adrenocorticotrophin-releasing factor, produced from the hypothalamus, stimulates the secretion of adrenocorticotrophic hormone which stimulates the production of corticosteroids by the adrenal cortex.
It is generally assumed that these hormones facilitate the animal to counter, or to adapt to, the noxious stimulus. Unfortunately it is not known how this adaptation is achieved. However, the effects of the raised plasma corticosteroid concentration can be readily demonstrated. These variously include adrenal hypertrophy, depletion of adrenal ascorbic acid and cholesterol stores, changes in the blood picture, changes in protein metabolism, reduced growth rate in young animals and loss of weight in adults, reduction in egg production, regression of the lymphoid tissues leading to impaired immunological reactivity.
These changes, one might assume, either individually or severally demonstrate 'stress'. In the sense that the word has been used here, this is true. Yet one is doing no more than demonstrating that the animal is responding to a changed environment. During this resistance stage of the general adaptation syndrome, to use Selye's terminology, the observed changes may be just as indicative of a successful adaptation as they are of a failure to adapt.
Stressors are ubiquitous and as such are a part of life; they cannot be excluded. Indeed there is the paradox that the elimination of all stresses would itself be stressful. Animals necessarily have the ability to adapt, albeit within certain limits, to environmental change and it is perhaps appropriate to recall that adaptation is the backbone of evolution. It is therefore unfortunate that the word 'stress' in recent years has come to have unwelcome, even unacceptable overtones. Stress has become a 'bad thing' and should thus be eradicated. It is admitted that death may result from a particularly intense or long-term stressor but at the same time it is necessary to balance this with the fact that stressors cannot be eradicated. In such circumstances, the opportunities hardly exist for a physiologist to demonstrate that a particular environment is better avoided because it will impose an intolerable stress upon the animal; for while it may be adduced that there is enhanced adrenal activity it is quite another matter to say whether the animal will successfully adapt or succumb.
Perhaps the most hopeful approach for the physiologist is to determine the 'normal' limits for the various traits enumerated above. This in itself offers daunting prospects for due account would have to be taken of the effects of diurnal rhythm, season, breed, &c. However, any success would allow the introduction of objectivity into the subject of stress and welfare which has for so long been wanted. Biochemical Responses to Stress in the Environment It is only during the past ten years that to talk of stress as a primary cause of disease has become even remotely respectable in medical circles. This is because while the art of medicine has from earliest times allowed for the influence on the body of external events in qualitative terms the science of medicine, which has been increasingly dominant over the past hundred years, demanded strict quantitative proof. Only gradually have physiological and biochemical techniques developed to the point where they can begin to provide the required evidence.
Early this century Cannon (1929) pioneered the study of the adrenomedullary response to stress, and attributed most of the effects he observed to 'adrenin'. This was a crude extract of adrenal tissue containing mainly adrenaline and a smaller proportion of noradrenaline, although with greater equality in carnivores than herbivores. He also put forward the idea of stress responses being related to several diseases, including hypertension. Selye (1971) was concerned with the adrenocortical response to acute stress, especially physical trauma, although he later extended his work to the influence of more long-term events on the development of cardiovascular disease. It was only when Dr Lennant Levi (1971) and his co-workers started to put together the large amount of diverse information available from laboratory studies of the effects of stress on animals and human beings, and extended them into more everyday situations that the significance of these responses in relation to disease processes was recognized. The apparent increases in the pressures of urban living (Carruthers 1974) the influence of life-style on liability to develop heart disease (Friedman & Roseman 1959) and the availability of stress-blocking drugs, all combined to accelerate the growth of interest in this field.
If you imagine an experiment which involved inflicting on any mammalian species the full range of mental, physical and dietary changes which mankind has had to undergo, the surprising thing would be not that some of the animals developed diseases which could be attributed to failure to adapt to the new conditions, but why any species would voluntarily choose to live under such conditions. As there are many differences in both the emotional and biochemical responses of man and animals, Dr Peter Taggart, of the Middlesex Hospital, and I have been testing the reactions of the intact human to various forms of emotional, physical and thermal stress, and offer an explanation of his motivation.
The easiest emotional response to elicit is anxiety. When studied in the extreme situation of parachute jumping, and in its milder forms as when climbing wet and slippery rocks, or undergoing dental surgery, anxiety caused release of adrenaline alone. As well as the well-known psychophysiological correlates of anxiety, this resulted in characteristic electrocardiographic changes, and rises in blood glucose. Aggression was more difficult to induce as a pure response, although racing-driving, traffic-driving and even public speaking (Taggart et al. 1973) provided some suitably emotive situations. The predominant response observed was an increase in noradrenaline secretion, which resulted in a rise in blood pressure and plasma lipid levels. Aversion, induced by watching violent films, caused a vagotonic reaction with slowing and increased arrhythmia of the heart, in spite of increased adrenaline secretion (Carruthers & Taggart 1973) .
Thermal stress is easier to reproduce. A very high ambient temperature such as a sauna bath at 100°F (37.7°C) was found to increase adrenaline secretion, which produced similar effects on the heart as anxiety (Taggart et al. 1972) . Cold conditions, such as cold-water swimming and sitting in a laboratory cold-room, caused noradrenaline secretion as part of a thermoregulatory response increasing lipid mobilization and utilization.
Physical stress studied during vigorous exercise in the fit and unfit, caused the release of both
